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Changes in the Soil after14 years of No-till
Alternative Crop Rotation Research
USDA-ARS Central Great Plains Research Station

CCTA Annual Meeting Tuesday, February 1. Wednesday February 2™, 2005,
High Plains No-till Conference Isiand Grove park, Greeley, Colorado

The Team: Merle F. Vigil, David Nielsen, Joe Benjamin, Brien Henry , Maysoon Mikha, Francisco Calderon (Randy Anderson and Rudy
Bowman.)

of those, presented here, have remained unchanged for the duration of the experiment. Early
conclusions focused on the increase in total grain yield on an annualized basis of >60% for Wheat-
Corn-Sunflower-fallow (WCSF), Wheat-Corn-Fallow (WCF) and Wheat-Corn-Millet-Fallow (WCMF) over
WF. However, recently we have found several ‘good” changes in soil properties associated with the
intensive no-till rotations. In general, an increase in soil organic mater at the soil surface, a decrease in
soil pH and an increase iron and zinc availability have all been associated with the change from

Definitions of terminology used
SOC is soil organic carbon (C). SOM s soil organic matter. It includes SOC but also other components
of organic matter like nitrogen (N), hydrogen (H)and oxygen (0), phosphorous (P) and several other less
important components. POM this is particulate .organic matter. POM is the crop residue and insect
arthropod, or animal debris that is still recognizable from mineral soil but can be separated from the soil
by wet seiving on a 53 micron sieve. Glomalin: is a protein manufactured by soil mycorrhizae in
association with plant roots it acts as binding agent or glue for soil particles/soil aggregates.
Mycorrhizae: fungal organism which forms a beneficial (symbiotic) relationship with many crop plants by

together. Aggregate stability: is a measure of the structural integrity of soil particles or aggregates. This
measure of the stability of soil aggregates tells us about the soils ability to resist water or wind erosion.
Soils with good aggregate stability do not erode as easily as those soils with poor aggregate stability.

L Soil organic matter (SOM), SOC, aggregate stability, POM and glomalin contents increase in
intensive no-till rotations as compared to WF. Continuous cropping, is the most similar to native
grass, when analyzed for these soil quality parameters. SOM/glomalin aggregate stability are in order
of greatest to smallest: ,

Sod > WCM > WCMF=WCF > WF-no-till >= WF-conv-till.

Eight years after rotation establishment we found 6% more SOC in WCM than in WF (NT/CT) in the
top two feet of the soil profite. 25% more SOC in 0-2 inch depth, 13% more SOC in the top 6 inches,
and 9% more in the top 12 inches. WCM has 0.81% SOC whereas WF has 0.68% SOC (top 6 inch).
The pH is lower in WCMF and in WCM than in WF primarily because of annual applications of
ammoniacal fertilizers at the soil surface, and to a lesser degree because of greater residye
accumulations in these intensive rotations as compared to WF.
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1 Wheat yields are reduced by up to 29% in WSF rotations. And are reduc

rotations.

(1 Sunflowers should be grown in rotations lon
our data suggests that sunflowers should not

once every 6- 8 years.

O

[ Metal (Zn, Mn, Fe) availability is increased by the pH drop in the intensive rotations and the
increase is most pronounced in the continuousl
to increase with continuous cropping in the su

y cropped WCM. Phosphorous availability also tends
rface soil (top 2 inches).

ed by 24% in WCSF

ger than three years in length. An assessment of all of
be grown on the same land any more frequent than

A positive “rotation effect” (see table below) is apparent when averaged over the 8 years after the

first four years for winter wheat. Corn and millet yields don’t appear to be significantly affected by

rotation although there is a trend for higher yields in the longer rotations than in t
those with a fallow period after wheat trend higher (Table 1).lt is important that

crops in three years and WCMF, 3 crops in four years.

0 Most of the variability in yield

moisture.

0 About ~3-4 inches more water is available when the wheat first br
(NT) and WCF (NT) than in WF conventional till. And in the corn

available in WCF than in WF conventional till.

he shorter ones and

WCF is providing 2
that we measure in these plots can be explained by differences in

eaks dormancy in the spring in WF

year more water is generally

0 Millet yields decline by about 295 Ibs for each inch decline in available water at planting time.

Table 1. Eight year average yields (1994-2001

Akron, Colorado and the

) for Corn, millet and wheat in select ACR rotations at
percent increase/decrease in wheat yields compared to WF-no-till.

Rotation Comn Proso millet Wheat Wheat yield .
increase/decrea

bu/acre %

WCMF - 46 34 40 +8

WCF 46 42 +7

WMF 37 36 4

WCSF 41 32 -24

WSF 26 -29

WCM 40 35 20 -45

WM 25 18 -50

WF-no-till 37 —

WF-sweep-till , 29 -20

P>F 0.73 0.87 0.0001*** 0.0001***

** P>F This indicates statistical significance. The smaller the nu
see that wheat is significantly affected by rotation whereas corn
significantly by rotation sequence.
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Some Notes on the weather: One objective of the units research is to find out what happens in
the extreme years. Well, the last few years have been just that. In one aspect, this provides us
with some unique opportunities. We don't enjoy seeing drought stressed wheat any more than
the next guy, but the extremes in low pre-plant soil water contents and low growing season
precipitation really test the system. And having those points for the bottom portion of the
graph/data set is really helpful. We need to know, what the extremes will do to the system. We
really would rather not have it this dry again, but there is some critical information to be gleaned
from all of this.

If there is any consolation, if you look at the long time weather record, most of the time, we
don’t have two years back to back, where both are dry. Most of the time, dryer than average
years, are followed by wetter than average years. And so there is this oscillation back and
forth, wet/dry, wet/dry. In fact, **30 times** in our weather record, a wet year follows a dry year.
Seven times we have wet years back to back and about 7 times we have dry years back to back.
“Pray for rain”.
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